Functional coupling of Cys-226 and Cys-296 in the glucagon-like peptide-1 (GLP-1) receptor indicates a disulfide bond that is close to the activation pocket.
G protein-coupled receptors (GPCRs) are seven transmembrane α-helical (7TM) integral membrane proteins that play a central role in both cell signaling and in the action of many pharmaceuticals. The crystal structures of several Family A GPCRs have shown the presence of a disulfide bond linking transmembrane helix 3 (TM3) to the second extracellular loop (ECL2), enabling ECL2 to stabilize and contribute to the ligand binding pocket. Family B GPCRs share no significant sequence identity with those in Family A but nevertheless share two conserved cysteines in topologically equivalent positions. Since there are no available crystal structures for the 7TM domain of any Family B GPCR, we used mutagenesis alongside pharmacological analysis to investigate the role of ECL2 and the conserved cysteine residues. We mutated Cys-226, at the extracellular end of TM3 of the glucagon-like peptide-1 (GLP-1) receptor, to alanine and observed a 38-fold reduction in GLP-1 potency. Interestingly, this potency loss was restored by the additional substitution of Cys-296 in ECL2 to alanine. Alongside the complete conservation of these cysteine residues in Family B GPCRs, this functional coupling suggested the presence of a disulfide bond. Further mutagenesis demonstrated that the low potency observed at the C226A mutant, compared with the C226A-C296A double mutant, was the result of the bulky nature of the released Cys-296 side chain. Since this suggested that ECL2 was in close proximity to the agonist activation pocket, an alanine scan of ECL2 was carried out which confirmed the important role of this loop in agonist-induced receptor activation.